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The integrity of the human epidermis is
made possible by a myriad of desmosome-
tonofilament complexes which firmly anchor the
epidermal keratinocytes to each other. The
intermediate dense layer of Odland (1) is now
found to be the outer leaf of the plasma unit
membrane, as recently shown by Rupee (2)
and Kelly (3). We have observed only one layer
instead of three belonging to the intercellular
space as shown later (Figs. 4, 5). This highly
organized ultrastructure gives the impression of
great stability. In contrast to this concept that
kcratinocytcs arc firmly and permanently bound
to their neighbors and move upward as a unit
(4, 5), recent findings by Epstein (6) demon-
strate that kcratinocytcs may move toward the
surface at variable speeds in the process of
epidcrmal regeneration and that cells must there-
fore move past their neighbors. The un-
deniable ability of inflammatory cells to move
between kcratinocytes also suggests that these
intercellular connections can be broken and re-
formed with case. These findings have raised
the question of the ephemeral nature of the
desmosome-tonofilament complex.
In addition to their anchoring function for
dcsmosomes, tonofilaments also function as
precursors of kcratin. It has been found that
tape stripping (7) of the stratum corneum in-
duces a burst of mitotic activity in the basal
kcratinocytcs, with subsequent upward move-
ment of these cells within the epidcrmal
structure, resulting in regeneration of the
keratin layer (8—11). Electron microscopy of
kcratin stripped epidermis thus can provide
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an effective tool for the study of the dis-
solution and reformation of dcsmosomc-tonofila-
mcnt complexes and their possible relation-
ship to kcratin synthesis in regeneration of the
stratum eorncum.
MATERIALS AND METHODS
Specimens of normal adult Negro and Caucasian
skin were obtained from the flexor surface of the
forearm at various intervals after Scotch Tape
stripping (8). Control sections were taken from a
corresponding unstripped area. Specimens were
immediately fixed in 0s04 for 120 mm., and em-
bedded in Maraglas 655. Staining was carried out
with 1% phosphotungstic acid at the absolute
ethanol stage of dehydration, and with uranyl
acetate and Reynold's lead citrate stain after ultra-
thin seetioniog. Sections were examined with an
RCA EMU-3F or EMU-3G electron microscope,
except Fig. 5 for which a Phillips 300 electron
microscope was used.
A. Light Microscopy
RESULTS
In comparison to normal control human epi-
dermis (Fig. 1), specimens taken two hours
after stripping (Fig. 2) show almost complete
removal of the keratin layer. After 72 hours
the cpidcrmal surface shows considerable re-
generation of the kcratin layer and a con-
tinuous granular layer (Fig. 3). The per cent
mitosis for malpighian cells is found to be
about 4% for 72 hours in comparison to 0.16%
before stripping (9).
B. Electron Microscopy
Careful evaluation of normal epidermis was
carried out to exclude possible individual
variation of selected skin and preparation
methods in regard to the ultrastructural
integrity of the epidermis and stability of
the dcsmosomc-tonofilarnent complex. Thus the
present experiment is based only on the sets of
specimens whose control sections exhibit nor-
mal intercellular connections (Figs. 4, 5).
Two hours after kcratin stripping there is
almost complete removal of the kcratin layer
and considerable cytoplasmic damage of the
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Fic. 1. Normal human epidermis control for
stripping experiment. Hematoxylin eosin stain
after dopa reaction. >< 390. (Reduced by one sixth)
FIG. 2. Epidermis two hours after keratin layer
stripping exhibiting almost complete removal of
the keratin layer. H. E. stain after dopa reaction.
X 390.
upper-most granular cells, but the remaining
epidermal cells retain their tight intercellu-
lar connections (Fig. 6). Sections taken from
4 to 12 hours after stripping reveal that many
of the intercellular spaces begin to widen,
especially in the basal and prickle layers (Fig.
7). However, in the granular and high prickle
cell layers these cells retain their tight normal
intercellular connections. At 18 hours after
stripping the cell surface exhibits broken in-
tercellular connections and a number of micro—
villi-like projections which end freely in the
wide intercellular space (Fig. 8). Throughout
this study no desmosomes have so far been seen
to split into half-desmosomes but rather re-
tracted to one cell or the other without recog-
nizable structural changes. After intercellular
connections are lost by movement of the desmo-
somes to one side, the intracellular tonofila-
ments aggregate in a perinuclear arrangement
(Fig. 9). The other constituents of the cyto-
plasm and nucleus appear relatively unaltered
at this stage.
A localized loss of plasma membrane struc-
ture is observed in some areas opposite des—
mosome retraction (Fig. 10). The findings at
24 hours and later are more complex. A number
of desmosomes are seen at the cell surface, while
in many areas retracted desmosomes are en-
closed within the cytoplasm (Fig. 11). Close
examination of these reveals an invagination of
the plasma membrane which is continuous with
these enclosed desmosomes. These invaginations
are similar to the invaginating vaeuoles seen in
phagoeytosis (Fig. 12). At 48 and 72 hours the
membranes of adjoining keratinoeytes are
closely apposed in some localized regions, and
they form tight junctions which exhibit neither
the characteristic intercellular contact layer of
desmosomes nor attached tonofilaments (Fig.
13). In close association with the appearance of
tight junctions we have observed immature
F'o. 3. Epidermis 72 hours after keratin layer
stripping shows considerable regeneration of the
keratln layer. Melanoeytes exhibit intensified dopa
reaction. H. E. stain after dopa reaction. X 390.
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Fic. 4. Desmosome-tonofilament complexes forming normal tight intercellular con-
nections. Control specimen. B: desmosome. 8: tonofilaments. N: nucleus of prickle cell.
>< 45,200.
dcsmosome-tonofilamcnt complexes (Fig. 14) in
which tonofilaments begin to exhibit normal
arrangement. These variations in the cell bound-
ary suggest the early process of desmosome for-
mation occurring in the regenerating epidermis.
DI5GU55ION
Electron microscopic examination of hu-
man epidermis after removal of the horny
layer by tape stripping reveals the following
major changes of the keratinoeytes within 72
hours. Although wide intercellular spaces con-
taining mierovilli are seen occasionally even in
normal epidermis, withdrawal and separation of
cells from each other becomes widespread 4 to
12 hours after stripping. At the same time, the
tonofilament-desmosome complex disintegrates
and tonofilaments clump around the nuclei
(Fig. 8, 9). These perinuelear tonofilament ag-
gregations and disintegration of the tonofila-
ment desmosome complex are very similar to
those observed in acantholytie diseases such as
pemphigus and Hailey-Railey syndrome (14).
It is interesting to note that dissolution of
the intercellular connections can occur without
disappearance of the internal lamellar structure
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Fio. 5. Detailed view of desmosome structure seen in control prickle cell layer. The
intermediate layer of Odland (arrows) is seen to be an extension of the outer leaf of the
cell unit membrane thus leaving only one layer belonging to the intercellular space.
X 117,000.
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Fm. 6. Almost complete removal of the keratin layer with considerable cytoplasmie dam-
age of the uppermost granular cells (g) is shown. Two hours after stripping. D: desmosome.
>< 6,900.
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FIG. 7. Initial widening of intercellular spaces is seen predominantly in the basal and
prickle layers. N: nucleus of prickle cell. 12 hours after stripping. X 12,700.
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FIG. 8. Broken intercellular connections and microvilli-like cytoplasmic projections (p)
seen in the widened intercellular space. 18 hours alter stripping. D: desmosome. 8: tono-
filaments. N: nucleus of prickle cell. X 23,200.
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Pro. 9. Remaining perinuclear aggregation of tonofilaments (S) and widened intercellular
space. 72 hours after stripping. X 13,000.
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Fio. 10. Loss of cell membrane structure (arrows) opposite sites of desmosome retraction.
18 hours after stripping. X 29,000.
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Fm. 11. Retraction of desmosomes (D) into the cytoplasm. 48 hours after stripping. V:
invaginations of plasma membrane. 8: tonofilaments. T: mitochondria. X 28,400.
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FIG. 12. Closer view of Fig. 11 demonstrating engulfed desmosomes (D) continuous with
the invaginating cell membrane (V). 48 hours after stripping. S: tonofilaments. X 69,000.
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FIG. 13. Tight junctions (C) of cell membranes suggesting early stages of desmosome
formation. 72 hours after stripping. 5: tonofilaments. T: mitoehondria. X 34,000.
of the desmosomes. The entire structure moves
with one of the cells. This leads to the predic-
tion and subsequent supporting findings (Fig.
10) that a break in the cell membrane of the
opposite cell must have occurred.
Similar to the formation of invaginating
vacuoles seen in phagocytosis, these retracted
desmosomes are found within the cytoplasm
surrounded by invaginated cell membrane
(Fig. 12). The sparse number of desmosomes
at this stage, together with the above, sug-
gests that they are dissolved after invagina-
tion. The mechanism of new formation of
desmosomes will have to be investigated fur-
ther. Presumptive early stages were seen in
the apposition of locally thickened cell mem-
branes resembling the tight junctions of em-
bryonic cells. Analysis of the events in stripped
epidermis after the first few hours is, however,
made very difficult by the multiplicity of
changes that evidently are going on. Super-
ficial keratinoeytes are undergoing parakerato-
sis, basal cells are preparing for mitosis, and cells
are probably moving fairly rapidly past each
other. The accelerated turnover of keratinoeytes
induced by keratin layer stripping has been
4 
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FIG. 14. Tight junction and immature desmosome-tonofilament complex (arrow). Tono-
filaments (S) begin to exhibit normal arrangement. 72 hours after strlpplng. >< 35,500.
shown to also have an effect on their sym-
bionts, the melanoeytes (12) and Langerhans
cells (13). The time of dissolution for most of
the intercellular connections can now be said
to be in the range of a few hours after this
stimulation rather than seconds or minutes.
Our data indicate that the general mechanism is
not loss of intercellular cement but disruption of
cell membranes and associated tonofilaments and
eventual destruction of the entire desmosome.
It seems that the cells later proceed to make
entirely new connections not related to the old
structures.
It has been stated that, in contrast to epi-
dermal cancer cells, normal epidermal cells
are tightly bound by dcsmosome-tonofilamcnt
complexes and move upward in the epidermis
as a cohesive cell layer (4). Similarly, based
on the concept of the desmosome-tonofilamcnt
complex as a stable structure, the acantholytic
and dyskeratotic diseases such as pemphigus
foliaceus and Hailcy-Hailey syndrome were
considered to be caused by separation of
tonofilaments from desmosomes (14). How-
ever, Epstein recently presented evidence
that epidermal cells can move upward singly
.4Y$ :i: a.w&zauaiwss
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and independently of each other, in agreement
with Braun-Falco and VogeIl (15).
Our data support the view of those authors
who postulated that desmosomes are not per-
manent and that keratinocytes move through
the epidermis individually after separation of
their desmosome contacts.
Our findings present another serious implica-
tion. Tape stripping of the horny layer has been
used for a number of years in the investigation
of percutaneous absorption and the barrier func-
tion of the epidermis. It has been assumed
tacitly that the epidermis after stripping is
physiologically and structurally comparable to
its state before stripping except for the absence
of the stratum eorneum. Our findings of pro-
found ultrastructural change, and especially of
separation of keratinocytes, admonish one to
exercise great caution in considering the
stripped epidermis as a physiological test
object.
SUMMARY
Electron microscopic study of human epi-
dermis after removal of the horny layer by
tape stripping reveals ultrastructural changes
of the keratinocytes within 72 hours as follows:
1, The attachment of intracellular tonofila-
ments to the desmosomal attachment plaque is
lost, and a subsequent perinuclear aggregation
of separated tonofilaments occurs.
2. There has so far been found rio splitting
of desmosomes into half-desmosomes. These
desmosomes are retracted to one of the cells
with a breakage of the other cell membrane. The
retracted desmosomes can be found in the cyto-
plasm within invaginations of the cell membrane.
3. Intercellular connections are lost and the
cell surface forms free microvilli in the en-
larged intercellular space.
4. Regeneration of the keratin layer, as well
as desmosomes in various stages of formation,
are seen by 72 hours after stripping. Desmo-
somes appear to be formed de novo rather than
by repair of previous desmosomes.
5. The implication of these findings in the
pathogenesis of acantholytic diseases and in
the use of stripped epidermis as a physiologi-
cal tool is discussed briefly.
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